Abstract Eggs of the decapod shrimps, Chorismus antarcticus, Nematocarcinus lanceopes and Notocrangon antarcticus were taken to analyse their morphometric, lipid and fatty acid composition. Almost all females carried undifferentiated eggs (stage I). The average number of recently extruded eggs was lowest in C. antarcticus with 163 eggs, and highest in Nematocarcinus lanceopes with 1,220 eggs, while Notocrangon antarcticus produced on average 350 eggs. The lipid content (% of dry mass) of the eggs was 18.8% for C. antarcticus, 14.3% for Notocrangon antarcticus and 18.1% for Nematocarcinus lanceopes. Dominant lipid classes in eggs of all species were phospholipids and triacylglycerols. The storage lipid, triacylglycerol, was slightly elevated in the eggs of Nematocarcinus lanceopes (mean of 52.7%) compared to the other two species. The fatty acid compositions of the decapod eggs were similar in the three species. Dominant fatty acids were 20:5(n-3), 18:1(n-9), 16:1(n-7), 16:0 and 18:1(n-7), comprising 75.8-78.4% of total fatty acids. Among the species, the eggs of C. antarcticus had the highest proportions of polyunsaturated fatty acids (39.6%), dominated by 20:5(n-3), and the lowest percentage of monounsaturates (41.8%). The eggs of Nematocarcinus lanceopes and Notocrangon antarcticus contained almost the same proportion of polyunsaturated fatty acids (28.0% and 28.4%, respectively), whereas Nematocarcinus lanceopes had the highest amount of monounsaturates due to the dominance of 18:1(n-9). Based on our findings, we assume that eggs produced by polar decapod crustaceans do not contain substantially more lipids than related species from temperate or tropical regions. However, additional studies are necessary to substantiate any general conclusion about the relationship of egg lipid content and composition with climatic zones.
Introduction
Organisms inhabiting the Antarctic ecosystem have to cope with extreme conditions, especially constant low temperatures and pronounced seasonal food availability (e.g. Clarke 1979 Clarke , 1983 . Energy-demanding periods of their life cycle, such as production of eggs, embryogenesis and larval development (Clarke 1977a, b; Anger 1991 and references therein) need to be closely tied with the availability of adequate energy sources. Lipids are important fuel for marine organisms, especially for those living in high latitudes (e.g. Clarke 1983) .
Although proteins are the main component of the eggs in marine invertebrates (Holland 1978) , lipids play a central role in the embryonic metabolism. They represent the most important energy source and cover at least 60% of the total energy expenditure of the developing crustacean embryo (Herring 1974; Holland 1978; Amsler and George 1984) . Furthermore, lipids provide structural components for membranes in the form of phospholipids (e.g. Sargent and Whittle 1981; Farkas et al. 1988) . The lipid content of eggs of caridean decapods depends on their size, and was estimated at 6-9% and 37-39% of wet mass for small and large eggs, respectively (Herring 1974 and references therein) . The relationship between clutch size and egg size may reflect the developmental mode and serves as an indicator of the energy content of the eggs (Herring 1974; Jaeckle 1995) . Triacylglycerols dominate the larger eggs and phospholipids the smaller ones (Herring 1974; Clarke 1977a, b; Kattner et al. 1994) . Wehrtmann and Graeve (1998) found a substantially higher amount of lipids in eggs of tropical benthic shrimps compared to benthic caridean shrimps of temperate waters. They deduced that a relationship exists between egg lipid deposition and latitude. However, data on lipid content of Antarctic shrimps are scarce. Clarke (1977b) reported on lipid and fatty acid data of eggs of Chorismus antarcticus (Pfeffer 1887); freshly spawned eggs contained 24% lipid per dry mass, consisting of 57% triacylglycerols and 43% phospholipids. These values are in accordance with values found for tropical shrimps (Wehrtmann and Graeve 1998) . In this study, we report on lipid content and lipid and fatty acid composition of the eggs of three common Antarctic caridean shrimps: C. antarcticus, Nematocarcinus lanceopes (Bate 1888) and Notocrangon antarcticus (Pfeffer 1887) . The results are compared with those reported for benthic caridean shrimps inhabiting other climatic zones, to obtain more insights into the relationship between egg lipid content and latitude.
Materials and methods
Egg-bearing females of the caridean shrimps, C. antarcticus, Nematocarcinus lanceopes and Notocrangon antarcticus were collected during the expedition of RV ''Polarstern'' ANT XV/3 (13 January to 28 March 1998) to the southern Weddell Sea and the Antarctic Peninsula. Detailed information concerning the cruise and the location of the study area has been published by Arntz and Gutt (1999) . Animals were caught with an Agassiz trawl or a bottom trawl between 62°16' S; 58°43' W and 79°48' S; 08°25' W.
The animals were immediately sorted into species. The embryonic state was determined under a compound microscope according to the following criteria proposed by Wehrtmann (1990) . Stage I: eggs recently produced; uniform yolk; no eye pigments visible. Stage II: eye pigments barely visible. Stage III: eyes clearly visible and fully developed; abdomen free. Before removing the eggs, we measured the carapace length (CL) of the female shrimps from the eye socket to the rear of the carapace in the mid-dorsal line. Ovigerous females of each species were stored in formaldehyde (10%) immediately after sorting. In the home laboratory, the length and width of 15 eggs per female were measured with a microscope equipped with a calibrated ocular micrometer. Individual egg volume (V) was calculated using the formula for oblate spheroids provided by Turner and Lawrence (1979) . The egg mass was separated from the female, counted, rinsed with distilled water, and interstitial water was removed using filter paper. For dry mass determination, the egg samples were oven-dried (50°C) until constant weight was attained (ca. 28 h).
For lipid analyses, all embryos were removed from each female, counted, and stored in separate glass tubes filled with a mixture of dichloromethane:methanol (2:1; v:v). These samples were deposited at -25°C until lipid analyses. The eggs were homogenised and extracted in dichloromethane:methanol (2:1; v:v) according to Folch et al. (1957) . The lipid class compositions were determined according to Fraser and Tocher (1985) by thin-layer chromatography-flame ionisation detection (TLC-FID) with an IATROSCAN Mark IV TH 10. Commercial and natural standard mixtures (e.g. from copepods or fish oil) of different lipid classes (phospholipids, triacylglycerols, sterols, wax esters) were used for identification (Hagen 1988) .
For the gas-liquid chromatographic analysis of the fatty acids, aliquots of the extracted samples were taken. Methyl esters of fatty acids were prepared by transesterification with 3% concentrated sulphuric acid in methanol for 4 h at 80°C. An internal standard (19:0 fatty acid) was added for quantification. After their extraction with hexane, the fatty acid methyl esters were analysed with a gasliquid chromatograph (Chrompack 9000) on a capillary column (30 m·0.25 mm; film thickness: 0.25 lm; liquid phase: DB-FFAP) using temperature programming according to the method proposed by Kattner and Fricke (1986) . Fatty acids were identified with standard mixtures. Total lipid is defined as the sum of all fatty acids, which is a slight underestimate of the real value.
Results

Egg production and egg composition
The mean carapace length of ovigerous females was 16.9 mm (±1.12 mm SD; n=5), 21.7 mm (±1.51 mm SD; n=6) and 26.3 mm for C. antarcticus, Notocrangon antarcticus and Nematocarcinus lanceopes, respectively. Almost all females carried undifferentiated eggs (stage I); however, embryos of one female of Nematocarcinus lanceopes were close to hatching (stage III). The average number of recently extruded eggs was lowest in C. antarcticus with 163 eggs (±64 SD; n=14), and highest in Nematocarcinus lanceopes with 1219 eggs (±64 SD; n=6); Notocrangon antarcticus produced on average 348 eggs (±170 SD; n=14). Table 1 summarises the data of biomass and water content of freshly laid eggs of the three species. The egg volume varied considerably among species. The smallest eggs were produced by Nematocarcinus lanceopes (mean of 1.2 mm 3 ) and the largest by C. antarcticus (mean of 3.1 mm 3 ). Average egg volume in Notocrangon antarcticus was 2.0 mm 3 . Average dry mass of the egg batch was elevated in Notocrangon antarcticus and Nematocarcinus lanceopes (239 and 338 mg, respectively) while it was substantially lower in C. antarcticus (135 mg). However, average dry mass per egg was highest in the last species (830 lg) and lowest in Nematocarcinus lanceopes (277 lg). Despite these interspecific differences, the water content of the eggs was similar among species, and ranged from 67% to 72%.
Lipid class and fatty acid composition
The egg lipid content (% of dry mass) was estimated for C. antarcticus with 18.8%, for Notocrangon antarcticus with 14.3%, and for Nematocarcinus lanceopes with 18.1% (Table 1) . Dominant lipid classes in newly spawned eggs of all species were phospholipids and triacylglycerols (Table 1) . The storage lipids, triacylglycerols, were slightly elevated in the eggs of Nematocarcinus lanceopes (mean of 52.7%) compared to the other two species. Eggs of C. antarcticus exhibited almost equal proportions of triacylglycerols and phospholipids, with 48.4% and 46.3%, respectively. An enhanced proportion of phospholipids (53.2%) was found in recently extruded eggs of Notocrangon antarcticus. Sterols occurred in small amounts in C. antarcticus and Notocrangon antarcticus (2.4% and 2.5%, respectively), and were slightly elevated in eggs produced by Nematocarcinus lanceopes (4.2%) ( Table 1) .
The dominant fatty acids of the shrimp eggs were 20:5(n-3), 18:1(n-9), 16:1(n-7), 16:0 and 18:1(n-7). Despite the general similarity, the proportions of the individual fatty acids were partially different (Table 2) . Main components in eggs of C. antarcticus were 20:5(n-3), 18:1(n-9) and 16:0 fatty acids (ranked in descending order), composing 52.5% of the total fatty acids. The eggs of this species had the highest proportion of polyunsaturated fatty acids (39.6%), dominated by 20:5(n-3), and the lowest proportion of monounsaturated fatty acids (41.8%). In Nematocarcinus lanceopes eggs, the average proportion of monounsaturates was highest (56.3%). The predominant fatty acid was 18:1(n-9) (26.3%), as well as 16:1(n-7) and 20:5(n-3). Major fatty acids of Notocrangon antarcticus eggs were 16:1(n-7), 18:1(n-9) and 16:0. This species had the highest proportion of saturates (19.6%). The eggs of Nematocarcinus lanceopes and Notocrangon antarcticus contained almost the same proportion of polyunsaturated fatty acids (28.0% and 28.4%, respectively).
Discussion
Egg production and egg composition Females of C. antarcticus, Notocrangon antarcticus and Nematocarcinus lanceopes collected for our egg-composition studies carried mostly undifferentiated eggs. Carapace length and egg numbers are in the general range reported for these species (Gorny et al. 1992 ). However, egg dry masses of the three species were lower and egg volumes of C. antarcticus and Notocrangon antarcticus slightly higher than those reported by Clarke (1993) . He analysed egg size and egg composition of polar shrimps, including the three caridean shrimps studied here (eggvolume data were not available for Nematocarcinus lanceopes). Such plasticity concerning reproductive aspects is a common feature among decapods (e.g. Jones and Simons 1983; Gime´nez and Anger 2001) . The relationships between interpopulational egg variability and latitudinal gradients have been studied in several caridean shrimps inhabiting the southern hemisphere (Gorny et al. 1992 (Gorny et al. , 1993 Wehrtmann and Kattner 1998; Wehrtmann and Lardies 1999; Lardies and Wehrtmann 2001) . Since our egg dry-mass data for the three species are lower than those reported by Clarke (1993) , we assume that these intraspecific differences are related to year-to-year variation.
Generally, marine demersal eggs, which release planktonic larvae, have a considerably lower water content than marine planktonic eggs, which also produce planktonic larvae (Pandian 1970) . The water content of recently extruded eggs of marine benthic decapods with planktonic larvae is around 50-60%, reaching 70-80% at the end of the incubation period (Pandian 1970 (Wehrtmann and Lardies 1999) ], the water content of freshly laid eggs of the three Antarctic shrimps studied was slightly higher than the 50-60% range (Pandian 1970) . Although no data have been published concerning the water content of eggs produced by polar decapods, the values for eggs of caridean shrimps from the Magellan region and the present results from Antarctica seem to indicate that the water content is slightly elevated in shrimps inhabiting cold-water regions.
Lipid and fatty acid composition
The eggs of the three Antarctic caridean shrimp species had moderate lipid contents, mainly consisting of triacylglycerols and phospholipids. The dominance of only two lipid classes is typical for eggs of decapod crustaceans (Clarke 1977a (Clarke , b, 1979 Clarke et al. 1990; Wehrtmann and Graeve 1998) . Storage of wax esters induced by the highly seasonal food availability in high-latitude regions has not been observed (Clarke 1977b) . Triacylglycerols are preferentially utilised during embryonic development (Clarke et al. 1990; Wehrtmann and Graeve 1998) . The sum of triacylglycerols in relation to phospholipids varies with the physiological state, but the overall lipid pattern seems to be similar in many organisms, e.g. shrimps (Clarke 1977b; Hopkins et al. 1993) , asteroids (Falk-Petersen and Sargent 1982) , crabs (Mourente et al. 1994) , gastropods and polychaetes (Parrish et al. 1996) , and zooplankton and fish (Reinhardt and Van Vleet 1986) . High proportions of lipids can decrease the density of the eggs considerably, and consequently the size/density/lipid relationship has a substantial effect on the developmental pattern of decapod shrimps (Herring 1974; Wehrtmann and Kattner 1998) . However, since almost all eggs of the caridean shrimp species studied by us presented recently produced embryos, no conclusion could be drawn on triacylglycerol consumption during embryonic development.
The egg lipids of the three shrimp species consisted of fatty acids, which generally dominate the lipids of marine invertebrates: high proportions of polyunsaturated and monounsaturated fatty acids, as well as the saturate 16:0 (Clarke 1977a, b; Wehrtmann and Graeve 1998; Narcisco and Morais 2001) . The fatty acid composition of C. antarcticus eggs is in good agreement with data reported by Clarke (1977b) , although no such data exist for Notocrangon antarcticus and Nematocarcinus lanceopes. The same major fatty acids occurred in all species and resembled closely those of other decapod eggs (Clarke 1977a (Clarke , b, 1979 (Clarke , 1993 Hopkins et al. 1993; Kattner et al. 1994; Graeve et al. 1997; Wehrtmann and Graeve 1998; Wehrtmann and Kattner 1998) . However, the proportions of the fatty acids were different in the three species. In C. antarcticus eggs, 20:5(n-3) was clearly higher than in the other species; 20:5(n-3) usually originates from diatoms and is transferred through the food web (e.g. Fraser et al. 1989 ). This fatty acid might indicate feeding on diatom-influenced food, although the other predominant diatom fatty acid 16:1(n-7) did not support this assumption; 16:1(n-7) was even higher in the eggs of the two other species, with lower proportions of 20:5(n-3). The production of eggs is probably fuelled more directly through ingestion of lipids, as found in Arctic caridean shrimps, suggesting a dependence of egg production on sufficient food resources (Graeve et al. 1997) .
Compared to the other species, Nematocarcinus lanceopes produces the smallest eggs but the highest number of eggs per clutch, in combination with the highest level of triacylglycerols and 18:1(n-9) fatty acid. This fatty acid is often a major component of storage lipids. However, it is speculative to conclude that this combination of lipid pattern with egg and clutch size is typical for small eggs of decapods. In general, we found no clear relationship of fatty acid composition with egg or clutch size, egg dry mass or lipid content or lipid class composition.
The fatty acid composition of the eggs of the shrimp species reflects in general a feeding behaviour where material sedimenting to the sea floor is ingested throughout the year. We found no clear indication of deviating food preferences or uptake between the species. This similarity is in contrast to other bottom-living invertebrates where fatty acid compositions have been shown to be very useful in elucidating feeding interactions (Graeve et al. 1997 (Graeve et al. , 2001 ). Clear relationships have been also found between zooplankton growth, egg production and intake of polyunsaturated fatty acids (Jo´nasdo´ttir 1994; Mu¨ller-Navarra et al. 2000) .
The total lipid content per clutch was similar in C. antarcticus and Notocrangon antarcticus but higher in Nematocarcinus lanceopes. The egg lipid content of these Antarctic species is comparable to that of tropical shrimps, but slightly higher than in most decapod crustacean eggs from temperate zones (Wehrtmann and Graeve 1998; Wehrtmann and Kattner 1998) (Fig. 1) . This is in contrast to most euphausiids, copepods and shrimps, which have a clear tendency to accumulate large lipid stores at high latitudes (Lee and Hirota 1973; Sargent and Whittle 1981; Clarke 1983 Clarke , 1987 Sargent and Henderson 1986; Hagen 1988) . It is also well known that eggs of polar marine invertebrates are usually larger than those of tropical species and richer in lipid (Clarke 1983 and references therein). Considering the study by Wehrtmann and Graeve (1998) , we therefore expected a higher egg lipid content for Antarctic shrimps compared to tropical species. However, due to the limited number of polar species and the fact that the egg lipid content may vary inter-and intraspecifically (Herring 1974; Hopkins et al. 1993) , we cannot point to a clear relationship between lipid content and climatic zone. The different methods used within the various studies to estimate the lipid content make it even more difficult to compare published data. Moreover, Clarke (1983) raised the question: ''is polar benthos rich in lipids?''. Our findings lead us to the conclusion that there is no indication that eggs produced by polar decapod crustaceans contain substantially more lipid than related species from temperate or tropical zones. That conclusion is in clear contrast to findings on polar zooplankton, which is known to synthesise exceptionally large lipid stores (Lee et al. 1971; Lee and Hirota 1973; Lee 1974; Clarke 1983; Kattner and Hagen 1995) . Additional data, especially from tropical and polar decapods, are required to substantiate general conclusions about relationships between egg lipid content and climatic zone.
